What is already known about this subject? ► A series of epidemiological evidences suggested a reduced incidence of cancer in patients treated with metformin compared with those taking other therapies. ► In our preclinical model, the combination of metformin with an epidermal growth factor receptor (EGFR) inhibitor resulted synergistic in terms of inhibition of proliferation and induction of apoptosis, in particular in those cell lines harbouring wild-type LKB1 gene. What does this study add? ► This phase I/II dose-escalation study evaluated the combination of metformin and erlotinib in second line treatment of stage IV non-small-cell lung cancer EGFR wild type. ► The safety profile was clinically acceptable and maximum tolerated dose was identified. ► Preliminary activity data were obtained.
How might this impact on clinical practice?
► This clinical experience demonstrated a therapeutic role of metformin in non-diabetic people affected by non-small-cell lung cancer. ► The phase II of the trial, by enrolling a higher number of patients, will probably provide more information on the activity of the combination and more instruments for the identification of patient to be treated.
INTRODUCTION
Lung cancer is the leading cause of cancer-related mortality worldwide. 1 Advances in the fields of cancer chemoprevention and therapy have the potential to reduce lung cancer-related mortality. 2 Patients with type 1 or 2 diabetes often have clinical risk factors for the development of cancer. The correlation between diabetes and increased cancer risk has been supposed since 1910 by GD Maynard, and 100 years later a joint conference of the American Diabetes Association and the American Cancer Society led to a consensus that indicated an association between diabetes and the incidence of cancers. 3 4 Among patients with diabetes, a higher relative risk has been observed for most cancers, including colon, lung, endometrium, rectum and breast. Since the first report of Evans et al, confirmed in a larger epidemiological study, a series of evidences suggested a protective role of metformin with reduced risk of cancer, compared with other antidiabetic treatments (sulfonylurea, insulin) in patients with diabetes. 5 Notably, metformin mediates approximately a 30% reduction in lifetime of cancer risk in patients with diabetes. [6] [7] [8] [9] Experimental results show that metformin inhibits prostate and breast cancer cell growth in vitro, delays tobacco carcinogen-induced lung cancer onset in mice and delays spontaneous tumour development in mice. 10 Metformin's role as a chemopreventive drug in non-small-cell lung cancer (NSCLC) is still an object of debate. More preclinical data support its role as an adjuvant drug in the treatment of lung cancer, in combination with chemotherapy or targeted molecular drugs. This evidence led our group to examine the effects of combined treatment of metformin with gefitinib (ZD1839; Iressa), a reversible tyrosine kinase inhibitor (TKI) of the epidermal growth factor receptor (EGFR), in a panel of human NSCLC cell lines with a different sensitivity to the EGFR TKI, including an in vitro model of acquired resistance developed from the sensitive human lung adenocarcinoma CALU-3 cell line.
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The combination of metformin with gefitinib resulted synergistic in term of inhibition of proliferation and induction of apoptosis, in particular in those cell lines harbouring wild-type LKB1 gene. Of interest, such effects were shown also in NSCLC cell lines resistant to the EGFR TKI, suggesting that metformin could revert resistance to gefitinib. These effects were the consequence of the downregulation of key intracellular mediators of growth factor-activated cell survival and proliferation, such as phosphorylated MAPK (mitogen activated protein kinase), Akt and members of mammalian target of rapamycin (mTOR) pathway. 11 However, the right dose of metformin to be tested in combination with other therapeutic drugs has still to be defined.
Based on these preclinical considerations, the current phase I-II trial was designed to identify the maximum olerated ose (MTD) and to evaluate safety and activity of metformin combined with erlotinib in second-line treatment of patients with stage IV NSCLC whose tumours harbor the wild type EGFR gene. Here we report results from the safety run-in phase of the study.
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METHODS
Study design
METAL trial is a multicentre, open label phase I-II study, designed to evaluate the safety and activity of metformin combined with erlotinib as second-line therapy in non-diabetic patients with stage IV NSCLC. This two-part trial consisted of a safety run-in part of metformin combined with erlotinib followed by a phase II part of metformin with erlotinib, as a second-line treatment in subjects with EGFR wild-type NSCLC.
The primary objective of the safety run-in part was to determine the MTD and the recommended phase II dose (RP2D) of metformin to combine with erlotinib. Secondary end points included the assessment of pharmacokinetics (PK), safety, tolerability and antitumour activity of the experimental treatment. Additional secondary end-points were to explore candidate markers or tumour characteristics predicting antitumour activity.
Eligibility
Study entry was limited to patients aged >18 years with histologically or cytologically confirmed NSCLC previously treated, with Eastern Cooperative Oncology Group (ECOG) performance status (PS) of 0 to 1. Oxygen saturation >93% and adequate bone marrow, renal and liver function were required. Patients with asymptomatic, stable, treated brain metastases were eligible for trial participation. A non-platinum-based first-line therapy was allowed. Main exclusion criteria were: EGFR/ALK (anaplastic lymphoma kinase)-mutated histologically proven NSCLC, diabetes mellitus, clinically significant cardiovascular disease, previous exposure to EGFR TKIs, immunotherapy, hormonal therapy and radiotherapy within 2 weeks before entering the study. Institutional review board-approved informed consent was obtained for every patient before initiation of any trial-specific procedure or treatment.
Overall, this study was conducted in accordance with the principles of 'good clinical practice', and all applicable regulatory requirements.
Treatment
The run-in phase was designed to detect acute toxicities and activity of metformin in non-diabetic patients. Metformin treatment followed a dose escalation scheme, starting with a dose of 500 mg twice a day, orally with meals (day 0). At day 4, a metformin dose increase was planned at 500 mg three times a day. At day 8, metformin was increased to 1000 mg twice a day. At day 12, it was combined with erlotinib 150 mg daily.
An initial cohort of three patients (cohort 1) was planned to receive a maximum dose of metformin 2000 mg plus 150 mg of erlotinib. If dose-limiting toxicity (DLT) would not be observed up to 2 weeks of metformin and erlotinib combination treatment, an additional cohort of three patients would reach a total dose of 3000 mg of metformin (1000 + 2000 mg) on day 12 and erlotinib 150 mg was planned to be added to 3000 mg of metformin at day 16. On the contrary, if DLT had occurred in two or more patients treated at the 2000 mg dose of metformin level plus 150 mg of erlotinib, this dose would be declared the maximally administered dose (MAD) and three additional patients would be entered into the next lower dose level with metformin at 1500 mg and erlotinib at 150 mg.
After all, when patients in the second cohort had received 6 weeks of treatment with no safety concerns, other six additional patients will be enrolled in the same dose level to confirm the safety of the dose which will be used as RP2D. DLT is defined as any grade 3 or more non haematological or haematological toxicity or any treatment delay for more than 2 weeks due to trial treatment-related adverse effects.
Before starting any study treatment, CT scans of the brain, chest and abdomen, 12-lead ECG, and a bone scan were required. Tumour response, based on investigator-assessed Response Evaluation Criteria in Solid Tumors (RECIST; V.1.1), was evaluated every 10 weeks. All patients who prematurely discontinued treatment for any reason were followed for survival. A CT scan with contrast of the brain, chest and abdomen and bone scan was done within 28 days prior to study entry (screening visit) and every 10 weeks.
In all enrolled patients, a fasting glucose monitoring with venous blood samples was performed at any visit. All patients were fully informed on the signs and symptoms of hypoglycaemia in order to perform promptly a glycemic self-monitoring by a blood glucose meter (AccuChek Aviva, Roche Diagnostics, Indianapolis, Indiana). All patients were thoroughly trained by experienced staff to the use of the blood glucose monitor. According to Wipple's triad, an hypoglycaemic episode was defined as a blood glucose <50 mg/dL, presence of signs and or symptoms and, finally, prompt disappearance of these clinical phenomena by correction of hypoglycaemia.
Pharmacokinetic
Plasma-concentration timed profiles of metformin were determined in the run-in phase by timed withdrawals of peripheral venous blood at time 0, 2 hours (T2h) and 5 hours (T5h) after taking the first dose of metformin. The collected data were used for therapeutic drug monitoring (TDM) and for pharmacokinetics evaluation in non-diabetic patients. A 5 mL sample of peripheral blood for TDM was collected in tubes containing EDTA. In case of adverse event, a further TDM sampling was performed. Additional blood samples for TDM were carried out while increasing the dose of metformin and in case of adverse events. 
Next Generation Sequencing analysis
Statistical analysis
The final sample size in the phase I part of the study depends on the number of DLTs observed at the different dose levels.
RESULTS
Twelve patients were enrolled in the safety run-in part of the study. Patient characteristics and baseline demographics were summarised in table 1.
The median age was 65.8 (range 59-75) and 58% of patients had ECOG PS 1. The majority of patients were smokers and former smokers (91%), with adenocarcinoma histology (66%) and presented with IV stage at diagnosis (75%).
An initial cohort of three patients (cohort 1) received metformin at maximum dose of 2000 mg plus erlotinib at 150 mg die. As grade 3 toxicity occurred in two of three patients treated at the same dose level, the dose escalation was stopped and this dose level was declared the MAD (table 2) . Grade 3 toxicity was represented by gastrointestinal disorders such as vomiting and diarrhoea, concomitantly with grade 1-2 abdominal pain and loss of appetite.
Based on design of safety run-in-part, we decided that three additional patients would be treated at the next lower dose level (1500 mg of metformin) and the cohort of metformin at 3000 mg was not performed. Only in one case grade 3 gastrointestinal toxicity (nausea) occurred with the assumption of 1500 mg metformin and erlotinib. Six additional patients were treated at the same dose level to confirm the safety data. Toxicity in this cohort of patients was mostly represented by G1 gastrointestinal toxicity such as nausea, vomiting, diarrhoea, abdominal pain and loss of appetite, and, in almost all cases, the symptomatic medical treatment led to complete symptoms resolution ( figure 1)(table 3 ).
In particular, during the dose escalation phase, no toxicity with metformin 1000 mg/day was verified, while two cases of G2 gastrointestinal toxicity occurred with metformin 1500 mg/day.
Only in one patient G3 skin toxicity associated with erlotinib administration was recorded. The first episode of G3 skin rash appeared after 4 weeks of combined treatment, regressed after discontinuation of treatment for 7 days (patient and investigator's decision).
Metformin plasma-concentration timed profiles confirmed the trend previously reported for healthy non-diabetic patients 13 with a rapid increase at T2h and a subsequent decrease at T5h. Serum concentrations at day 4, 8 and 12, after about 8 hours from metformin Figure 1 Toxicity (grade 1-3) in all patients and dose levels stratified by cycle. ADR, adverse drug reaction. Table 3 Toxicity (grade 1-3) in all cycles stratified by dose level. assumption, remained in the therapeutic range of 1-2mg/L, in accordance with literature data. Moreover, self-monitoring blood glucose (at fasting and 2 hours after meals performed by blood glucose meter, every three-five days) showed physiological blood glucose homeostasis, both during the dose escalation phase of metformin and during the combination with erlotinib. During entire study, none of the patients had hypoglycaemic events, and none experienced glycemic values less than 60 mg/dL.
CT scan of brain, chest and abdomen and bone scan were performed every 10 weeks. In particular, radiological assessments performed at 10 weeks showed disease progression with appearance of new hepatic lesions in three patients; full-body CT scan performed at 20 weeks, in additional, revealed three patients with progression of disease in lung, brain and adrenal glands, respectively (figure 2).
After 30 weeks of combination treatment, stable disease in five patients and a partial response in one patient, according to RECIST criteria, were recorded. At a follow-up of 20 months, one patient is still on treatment (figure 2).
For 6 of 12 (50%) patients, formalin-fixed paraffin-embedded tumour tissues were collected and analysed with Ion AmpliSeq Colon and Lung Cancer Panel. A 2% sensitivity threshold has been set for this panel following the results of a validation study.
14 High-quality DNA was extracted from all six samples, thus multiple gene mutation assessment was possible in all these cases. Next Generation Sequencing (NGS) analysis did not evidence the presence of significant mutations or deletions in the panel of genes tested.
CONCLUSIONS
The initial interest in metformin as an anticancer agent has come from clinical and epidemiological research, which has provided an empiric basis for its evaluation in the clinical setting.
Beneficial effects of metformin have been strongly observed in the treatment of polycystic ovarian syndrome, non-alcoholic fatty liver disease and premature puberty. [15] [16] [17] These clinical experiences demonstrated both a therapeutic role of metformin forward diabetes and confirmed also in non-diabetic people the low incidence of side effects, in particular hypoglycaemia, with the same rate of gastrointestinal effects observed in diabetic subjects. Considering the mechanism of action, the clinical safety, the well characterised pharmacodynamics profile and the low cost of metformin make it an ideal candidate for development as an anticancer agent.
On this basis, hypothesising a great clinical potentiality, we designed this study with an association of metformin plus erlotinib, two drugs with possible gastrointestinal side effects, to assess the MTD of metformin. However, a number of issues need further consideration before the development of metformin as a cancer therapy.
First, considering that the majority of preclinical studies with metformin have been conducted with doses of metformin higher than those achieved in patients with diabetes, the usual antidiabetic dose of metformin may not reflect the antitumour efficacy of the drug. In this view, our study has demonstrated that doses higher than 1500 may be too toxic for non-diabetic patients when combined with erlotinib.
Probably, the strategy to divide the metformin dose into three daily administrations may have reduced the incidence of these side effects of metformin, as occurs in patients with diabetes.
However, it has been shown that the positive charge of metformin could promote its accumulation within the mitochondrial matrix by 1 000-fold (>20 mmol/L). Indeed, metformin accumulates in tissues at concentrations several fold higher than those in blood, [18] [19] [20] indicating that concentrations of metformin similar to those used in pre-clinical models (1-10 mmol/L) might be attained also at lower doses.
The RP2D of metformin achieved in the run-in phase of the METAL study demonstrated to be well tolerated, mostly showing G1-2 gastrointestinal and skin toxicity. Treatment of adverse events was manageable and toxicity resulted reversible.
As demonstrated in previous pharmacokinetic studies metformin treatment did not alter glycemic profile in patients with cancer, thus rendering the drug fit also for non-diabetic patients.
Although on a small number of patients, preliminary activity of the combination of metformin and erlotinib was very encouraging. Median progression-free survival (mPFS) was found at 20 weeks of treatment, and by the time of this work writing, one patient is still on treatment (20 months on treatment). In this setting of patients, historical data from the TAILOR (Tarceva Italian Lung Optimization tRial) study 21 refer the mPFS in the EGFR TKI-treated patients as 2.4 months (10 weeks).
Metformin may exert these effects by activation of AMP-activated protein kinase, which while inhibiting protein synthesis and gluconeogenesis, results in the inhibition of the mTOR, a downstream effector of growth factor signalling, commonly activated in malignant cells and associated with resistance to anticancer drugs. 
